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MZTKOD OF INACTIVATION OF VIRAL AND 
BACTERIAL BLOOD CONTAMINANTS 

rrrm Of THI TWVTNTION 

This invention relates to the general field cf 
5 biochemistry and medical sciences, and specifically 
to inactivating viral/bacterial contamination of 
lyophilized or reconstituted blood cell .compositions 
comprising erythrocytes, platelets, etc, or protein 
fractions . 

10 ^rvr.^OtTMD tut INVENTION 

A major concern in the use of stored or donated 
homologous blood or plasma protein preparations 
derived from human blood is the possibility of viral 
and bacterial -contamination. 
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Viral inactivation by stringent sterilization is not 
acceptable since this could also destroy the 
functional components of the blood, particularly the 
erythrocytes (red blood cells) and the labile plasma 
proteins". Viable RSC's can be characterized by one 
or more of the following: capability of synthesizing 
AT?; ceil morphology; ? s0 values; oxyhemoglobin, 
methemoglobiir and hemichrome values ; MCV, MCK, and 
MCHC values; ceiL enzyme activity; and in viyc 
survival. Thus, if lyophilized then reconstituted 
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and viraliy inactivated cells are damaged to tr.e 
extent that the cells are nor capable cf a.cabolizi.-.: 
or synthesizing AT?, cr the cell circulation is""""'" 
compromised, then their utility in transfusion 
5 medicine is compromised. 

There is an immediate need to develop protocols for 
the deactivation of viruses that can be present ir/ 
the huaan red blood supply. For example", only 
recently has a test been developed for Non A, Non B 
10 hepatitis, but such screening methods, while 'reducing 
the incidence of viral transmission, do not make the 
blood supply completely safe or virus free. Curren- 
statistics indicate that the transfusion risk per 
unit of transfused blood is as high as i:ioo for 
Non A, Non B hepatitis, and ranges from 1:40, 000 to 
1:1,000,000 for HIV, depending on geographic 
location. Clearly, it is desirable to develop a 
method which inactivates or removes virus 
indiscriminately from the blood. 

2 0 Contamination problems also exist for blood plasma 
protein fractions, such as plasma fractions 
containing immune globulins and clotting factors. 
For example, new cases of non A, non 3 hepatitis have 
occurred in hemophilia patients receiving protein 

25 fractions containing Factor VIII which have been 

treated for viral inactivation according to approved 
methods. Therefore, there is a need for improved 
viral inactivation treatment of blood protein 
fractions. 
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The present - invention thus provides- a, method for the 
inactivation of viral and bacterial contaminants 
present in blood and blood protein fractions. 
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The cresar.- invention provides a method for 
viral/bacterial inactivation cf dried or 
reconstituted ceils ( erythrocytes , platelets, 
5 hencsor.es and other cellular or ceil-like components} 
or blood protein fractions, which allows for the 
cells or protein fractions to be useful in a 
transfusable state, while still maintaining 
relatively high cell viability, AT? synthesis and 
10 oxygen transport, in the case of cellular components, 
and therapeutic efficacy, in the case of protein- 
fractions . 

The iyophilization and reconstitution aedia according 
to the present invention may be utilized to 

15 lyophiiize and reconstitute proteins, particularly, 

blood plasma protein fractions. The protein fraction 
may be virally/bacterially deactivated by nixing with 
a chemical sensitizer, lyophilized (freeze-dried) , 
then irradiated. If the Iyophilization aedia of the 

20 invention is used, it is contemplated that the 

constituents of the aedia also serve to provide some 
degree of protection of the dry proteins during 
irradiation. 

A preferred embodiment comprises reducing viral and 

2 5 bacterial contamination of dried or reconstituted 

cells with washing solutions containing a polymer or 
mixture of oolymers having a molecular weight in the 
ranee of about IX to 360 K, followed by one or more 
additional wash cycles using a wash of a dextrose- 

3 0 saline solution at a P H in the range of about 

7.0-7.4. The dextrose-saline solution will also 
contain a polymer having a molecular weight in the 
ranee of about IK to 40K, and preferably about 2.5K. 
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The cc-pcsition of reconstituted cells vill ** 5C 
preferably contain a monosaccharide. 

Preferably the cells vill have been previously 
lycphilized using a lyophilizaticn solution buffered 
5 in the range of pH of 7.0 to 7.4 preferably by a 
phosphate-buffered solution. A typical phosphate- 
buffered lyophilization solution will comprise mono- 
and di-basic potassium and sodium phosphate (usual lv 
in the range of 1-10 mM each) and 5-10 mM adenine. 
10 This solution maintains the pH at around 7.2." " 

A preferred phosphate-buffered solution to be used as 
the lyophilization buffer vill comprise nicotinic- 
acid, reduced glutathione, glutamine, inosine,. 
adenine, nonopotassium phosphate, magnesium chloride 
15 disodium phosphate all of which vill serve as a basic 
salt buffer at a pH of about 7.2. In addition this 
lyophilization buffer vill contain a final 
concentration of about 2 6% veight by volume of a 
monosaccharide, preferably 1.7 M glucose, and a final 

2 0 concentration of about -3.0% veight by volume of 

polyvinylpyrrolidone (average molecular veight of 
360K), and a final concentration of about 15* veight 
by volume of hydroxyethyl starch (average molecular 
veight of 500K)'. ■ 

25 The term lyophilization is broadly defined as 
freezing a substance and then reducing the 
concentration of the solvent, namely vater, by 
sublimation and desorption, to levels vhich vill no 
longer support biological or chemical reactions. 

3 0 Usually, the drying step is accomplished in a high 

* vacuum. Hovever , * vith respect to the storage of 
cells; and particularly erythrocytes, the extent of 
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t- cf residual scis-ura) is cf 

, i-^r^nc" in the ability of ceils to 
critical i~ porwanc- 

" • ,~ r on storage at room temperature, 

withstanc long-te.n swui ~ 

Using th. p,oc. S «r. d-crib* herein, d . ~y b. 
5 ,„*lll.- c= a residual vater content ot 1... ^han 
10 weight %. preferably Us, than ». and still be 
reconstituted to transfusable, therapeutically^:,. 
„!„■ cells with about 3 weight * water conten. 
using' this procedure may be stored for up to two ^ 

nara nir e and at 4°C for longer than 
10 weeks at roon temperature, ana . 

■ w i-hout decomDOSition. This tar 
eight months, viwnout 

a i B.B. standard for 
exceeds the currenu a.a.b.o- 

- c r fl raae of red -*lood cells of six weeks 
re^riaeratea storage 01 

a / 4 .C o- less than one day at room temperature 

. . . „ These dried cells nay be 
15 without decomposition. These a*i 

a einfla chemical sensitizer described 
deactivated using a cnea-cai 

herein. 

■ccording to the preferred embodiment of the present 

20 til a chemical sensitizer, then washe, L to remo * 
==„*i-izer not bound to viral or bac^er-al 
excess "»^«« ^ ceUs are tt en 

nucl eic acic, -a *. ^ sensituer 

lyoDhilized. The ary ----a 
V, .h,n be irradiated, typically with gamma 
will then be of abou ^ 3 K-50K rads , for 

„j< a *.^ n at an intensify 
25 stt££ic ient to destroy viruses (in 

a per i=d of time d or double _ str anded 

particular, the s ingl subs „ ntiil Averse 

pmx/dna viruses), w - v - nauu J w . . e 

-He recovery and usefulness of the cells, 
.effect on the recove V rsd iation such 

30 Other wavelengths of elecr 
as X-rays, may be used. 

In another preferred embodiment, the chemical 
sensitizers may be'added to licuid pro.em 



WO 91/16060 

pcr/'f 

?re?ara:icns, -hen lyophilized and 
Particularly preferred- are blood' l/oH ' 
preparations, including but nor Non- 
proteins, blood protein extracts , Z^*" 
2 (such as Factors 7TT — > — 

ailu ^j, isuaune cicbu< <rs » 
serum albumin. " ~' 



Dry (lyophilized) cells or protein fractions may - 
directly mixed with the chemical sensitizer the-" 
irradiated. ' 

10 From the foregoing description, Lz wil , be ~ ea1 , 2£ 
that the invention can be used to selective-, bi- 
metal atom or a metal atom containing enemies 
sensitizer to blood-transmitted viruses, bac-^ia 
parasites. Also monoclonal or polyclonal ant<bod< 
1= directed against specific viral antigens (eitHe- c 
proteins or envelope proteins) may be covale-t'v 
ooupled with either a metal atom or a metal ato'a- 
contammg sensitizer compound, therebv increase 
the effective cross-section of the contaminant to' 
20 penetrating or other forms of radiation energy. 

Since cell -compositions also comprise a variety of 
proteins, the aethod of decontamination of C e"s " 
described herein is also applicable to protean 
fractions, particularly blood plasaa protein 
fractions, including, but not limited to, fractions 
containing clotting factors (such as Factor Vin anc 
Factor IX), serua albuain and/or iaaune globu^ns 
The viral and bacterial inactivation may be 
accomplished by treating a protein fraction v<th a 
sensitizer as described herein.- a protein fraction 
which has been lyophilized and reconstituted may be 
sensitized and irradiated to deactivate possible 
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The invention will be hereafter described ir. 
connection with erythrocytes (RBC's) but it win be 
understood ir is also applicable -o platelets, 
hemoscmes or other blood cell types or biological 
ceils, as yell as protein fractions, particularly 
plasma protein fractions. 

The erythrocytes will preferably be prepared from 
whole blood centrif ligation, removal of the plasma 
supernatant and resuspending the cells in PBS, or a 
phosphate buffered solution or a commercial dextrose- 
saline solution. This wash cycle nay be repeated 2-3 
times preferably using a commercial dextrose-saline 
solution, then the packed cells are diluted with the 
lyophilization buffer described above so that the 
final diluted concentration of carbohydrate and 
polymer are maintained in the necessary ranges. 

Alternatively, commercially available packed blood 
cells may be used, which typically are prepared in 
C?DA (commercial solution containing citrate, 
20 phosphate, dextrose and adenine) . 

Upon lyophilization 'to a moisture content of less 
than 10%, and preferably less than 3%, the 
lyophiiized cells may be maintained under vacuum in 
vacuum-tight containers, or under nitrogen or other 
25 inert gas, at room temperatures for extended periods 
of time in absence of or without significant 
degradation of their- desirable properties when 
reconstituted for use as transf usable cells. In 
using the preferred lyophilization method disclosed 
30 herein, a oarticular advantage of the present 

invention is that the lyophiiized cells may be stored 
at room temperature for extended periods of time, 
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thus obviating the need for low 
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refrigeration which is required for scoring liquid 
C?DA preserved red blood cells prepared by methods c. 
the prior art. The present invention also obviates 
tuc neec for very lev temperature (-SO : C) frozen 
storage of red blood cells in glycerol. 

By using the preferred reconstitution method 
disclosed herein it is a further advantage that the 
lyophilized red blood cells aay be reconstituted at 
normal temperatures, i.e. greater than about 4°c up 
to- about 37 8 C, which corresponds to normal human body 
temperature, and preferably at room temperature 
(about 22 °C). The reconstitution medium is" • • 
preferably a solution comprising a polymer or mixture 
15 of polymers having a molecular weight of from about 
2.5X to 3 60 K, preferably 5K to about 3 60K, present 
in a concentration in the range of about 12 to 30% 
veight by volume. This polymer aay be the same 
polymer utilized to lyophilize the red blood cells as 
2 0 described above. Hence the polymers 

polyvinylpyrrolidone, hydroxyethyl starch, and 
dextran are particularly preferred and most preferred 
is polyvinylpyrrolidone (preferably molecular weight 
about 10K) present in a concentration of about 19% 
25 weight by volume in the reconstitution solution. The 
reconstitution solution will be buffered again 
typically by phosphate-buffered solution comprising 
aonopotassium phosphate and disodium phosphate as 
described hereinabove to maintain a pH within the 
range of about 7.0 to 7.4. The most particularly 
preferred polymer is polyvinylpyrrolidone of an 
average molecular- weight of about 10K. The most 
preferred reconstitution buffer will also contain 
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adenosine triphosphate (AT?) in a final ccr.cer.trat ic- 
on abouu 5r-M . 

-v, a n^i vmoi-s mav be Drssent in the various solutions 
from a final concenrrarion of about 2 . 6K weight % up 
5 to saturation, and have a molecular weight in the 
range of from about 2 . 5K to about 360K. Preferably, 
the polymers have molecular weights in the range of 
from' about 2.5K to about 500K, most preferably from 
about 2.5K to 50K, and are present in a concentration 
10 of from about 3.6 weight % up to the limit of 

solubility of the polymer in the solution. Polymers 
selected from the group consisting of 
polyvinylpyrrolidone (PV?) and polyvinylpyrrolidone 
derivatives, and dextran and dextran derivatives 
15 provide significant advantages. Most preferred is 
the use of polyvinylpyrrolidone (an- amphipathic 
polymer) of average molecular weight in the range of. 
2.5-360K in an amount in the range of 3-20% weight by 
volume in the solution prior to lyophilization. 
teino acid based polymers (i.e., proteins), dextrans 
or hycrcxyethyl starch may also be employed. In the 
ivoohilization buffer hydroxyethyl starch (M-HZS) 
with an average molecular weight of about 500K is 
emoloyed in a 15% weight by volume final 
concentration. Other amphipathic polymers may be 
used, such as poloxamers in any of their various 
forms-. The use of the carbohydrate-polymer solution 
in the lyoohilization of red blood cells allows for 
the recovery of intact cells, a significant 
percentage of which contain biologically-active 
hemoglobin. 

The most oref erred ^constitution buffer will be a 
solution comprising mono potassium phosphate, disodium 
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phospfcate and AT? , ail cf which fern a basic salt 
buffer at a pK of about 7.2, vhich also contains 
about 19% weight by volume of polyvinylpyrrolidone 
(average molecular weight about 10K) . 

5 The recenstitution solution may also optionally 

contain a monosaccharide, preferably present in the 
concentration range of about 7.0 to 37.5* weight bv 
volume. The preferred monosaccharides are xvlose, 
glucose, ribose, mannose and fructose. 

10 in the most preferred embodiment, the lyophilized 
erythrocytes can be reconstituted by mixing with an 
equal volume of the reconstitution buffer at .a 
temperature of about 37°C and mixed. By "equal" it 
is meant that the volume is the same as "the starting 

15 volume prior to lyophilization. After initial 

reconstitution, the solution is preferably diluted 
1:1 with 1-4 additional volumes of the reconstitution 
buffer at a temperature of about 37 °c with added 
mixing until fully hydrated, 

20 Then, it is preferred that the rehydrated cells be 
washed according to the following procedure. It is 
realized, however, that once the cells are 
reconstituted with reconstitution buffer they are in 
a hydrated and useful form, but the combination of 

2 5 washings described hereinafter are preferred, 

specifically for clinical purposes. 

After separating the cells from the reconstitution 
buffer by centrif ugation, the resulting packed cells 
are preferably resuspended at room temperature in 

3 0 (approximately the volume used in the initial 

reconstitution) a wash buffer comprising nicotinic 
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acid, ir.osine, adenine, giutasine . and r.acnesiu- 
chlorice, all present: at about 0 . 4 -10r_ u . :ur _ner 
comprising sodium chloride and potass ium chloride 
each a- about 30mM, buffered by LOmM disocium 
5 phosphate to pH 7.2. This yash buffer further 

conprises a monosaccharide, preferably glucose at a 
concentration of about 20mM, and a polymer, 
preferably polyvinylpyrrolidone, of a molecular 
weight 40K and present at a concentration of about 
10 16% weight by volume. Separation by centrifugation 
completes the first post-rehydration step, a washing 
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After the washing step the rehydrated ceils may be 
suspended in a dextrose-saline transfusion buffer ar 
room tenmerature which preferably contains 
oolvvinylpyrrolidone at a 10% weight by volume final 
concentration, with an average 2.5K molecular weight. 
The cells can be used as is or be returned to 
autologous Dlasma. Additional wash steps in a 
ohosDhate-buffered diluent buffer can further remove 
viruses, but this step is optional for preparation of 
rehydrated, transfusible cells. 

The reconstitution and washings described above will 
in most instances achieve about 4 log reduction of 
any viral and bacterial contamination, where 1 log 
reduction is achieved by drying and 3. log reduction 
is achieved by washing. Of course, different viruses 
a ay resoond differently, potentially resulting in 
more than 4 log reduction of contamination. 

3 0 The reconstituted cells have- characteristics which 
render them transfusable and useful for therapeu-ic 
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purposes in that their properties are siniia- 
of . fresh (i.e. not previously iyophiiizec) red b * oc- 
cells. Typically reconstituted red blood ceils 
according to the present invention have an 
5 . oxyhemoglobin content greater than about 90% of that 
in normal red blood cells. Hemoglobin recovery orior 
to any washing step is typically in the range of so 
to 85%, The overall cellular hemoglobin recovery 
including the post-hydration washing steps is about 
10 20 to 30%. The morphology of the reconstituted cells 
according to the present invention (by scanning • 
electron microscope) typically shows no holes or 
gaps, and primarily discocytic with some stomatocytic 
morphology. The oxygen carrying capacity of fresh 
15 red blood cells (as measured by P- Q/ the oxygen 

partial pressure at which 50% of the oxygen molecules 
are bound) was measured to be in the range of about 
26 to 28 (average 26.7); with an average Hill 
coefficient (a measure of the cooperative binding of 
2 0 oxygen molecules to native hemoglobin) of 1.95. The 
typical P 50 for erythrocytes lyophilized and 
reconstituted according to the present invention is 
about 27.5 (average) with an average Hill coefficient 
of 2.08. Assays of ATP in the reconstituted cells 

2 5 indicate ATP levels suggesting normal ATP to ADP 

metabolism. Normal hemagglutination by readily 
available blood typing antisera of red blood cells 
made according to the present invention is also 
typically found. 

3 0 This lyophilization and reconstitution procedure 

advantageously and significantly diminishes viral/ 
bacterial contamination in cell-like material (such 
as: hemosomes) , and protein fractions. The 
contamination can be further reduced by the radiation 
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sensitizing and treatment, particular iy while the 
cells cr protein fractions are in the dry state. 

The starting packed red blood cells or proteins 
(which raay initially be in a liquid ee iyophiiized 
state) are mixed with a sufficient amount (based on 
total vet weight of cells) of a chemical sensitizer. 
Preferably, in a composition of packed red blood 
cells (about 10% hematocrit) about 0.1 to 1 mg of the 
chemical sensitizer will be .used per ml of packed 
cells. Preferably, the mixture will be irradiated 
with gamma radiation in the range of . 3K-50.K_rads , 
typically about 3K rads. Preferred exposure. is from 
1-10 minutes, if using gamma radiation. _ 
Alternatively, UV light (320 ran) may be used, 
particularly for protein fractions. Preferred 
exposure is from 1-10 minutes, preferably 3 minutes, 
if* using UV radiation. 3y this irradiation in 
presence of a sensitizer, there will be about a 6 log 
reduction of viral and bacterial contamination, based 
on contamination present prior to washing and 
irradiation*. 

The present invention provides a selective method of 
generating free radicals derived from chemical 
sensitizers only' in the vicinity of viral RNA or DNA. 
indiscriminate radiolysis of blood containing virus 
in a hydrated state produces hydroxy 1 radical. 
However, the hydroxyl radical will damage both the 
red blood cells and associated proteins as well as 
the Vral target. Thus, viral inactivation would be 
achieved at the sacrifice of red cell viability. 
Therefore, sensitizers which bind to DNA and/or RNA 
and which- can be selected to generate radicals upon 
< -Nation, are required. Since the radiolysis can 
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be performed in the dry state (preferabiv less than 
10% residual moisture) , genera-ion cf hydroxy 1 
radicals from vater is greatly reduced. in this 
manner indiscriminate radical damage is furthe*- 
prevented. Exemplary compounds include: 





H HCl 




QC*' w 



The preparations of these compounds are known. See 
Martin, R. F. and Kelly, D.P., Aust . J. chem . . 32 . 
2637-45 (1979); Firth, W. , and Yielding, L.W., J. 
Org . Chem . . 47 , 3002.(1982). Other radical- 
10 ' generating reagents which generate radicals upon 
irradiation are disclosed by Platz et ai. , ?roc. 
SPTg-Tnt. Soc. Ont. Eng . 847 . 57-60 (1988) and 
KanaJcarajan et £l. , JACS 110 6536-41. (1988) . 

The radiation-sensitizing compound (which may also be 
15 modified to bear a metal atom substituent) may also ■ 
be selected from the class consisting of DNA-binding 
drugs, including, , but not limited to, netropsin, BD 
peptide (a consensus peptide t from HMG-1) , S2 peptide, 
and the like. These- and other DNA-binding drugs are 
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5 The radiation sensitizing ccr.?ou-d (vhicr. nay also 
bear a aetal aeon) can also comprise a class cf =SA- 
binding proteins and/or polypeptides and/cr peptide; 
Zxa-cies of this class of DKA-bmdi-g proteins a.-d:: 
polypeptides and/or peptides, are disclosed ir. 
. c Churchill, M.i.A. and Travers , A. A. ( IS 9 1 ) Trends i: 
Biochemical Sciences 16, 92-97. Specific examples : 
-vm.-.;. d'nc oeDtides include 'he SI peptide and zZ 
pectide disclosed in the reference herein. 

The DMA-binding specificity can be achieved by 
15 covalentiy coupling the radiation sensitizing 

compound and/or metal atom to either a DNA-binding 
drug or to a DNA-binding protein or polypeptide or 
oeotide . 
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VI 

Netrcosin 



CH- 



VII 



H 
i 





CH 5 




WO 91/16060 _ PCT/US91/02504 

-13- 

Other sensitizers include specially cesizr.ec 
molecules which fern: triplex DMA , such as these 
disclosed by Younccuist and Dervan ?KAS 3 2 2555 
(19S5); Van Dyke and Dervan, Sciencs 225 1122 (1934); 
5 Van Dyke and Dervan. Nuc. Acids Res , n 5555 m 9 ^ 1 j . 
3arton and Raphael, PNAS 32 6460 (1935}; 3arton et 
al., JACS 106 2172 (1934); and Barton, ?NA5 Si 1961 
(198 4) . These molecules bind to DNA and RNA, site 
specifically, if desired, and carry reactive moieties 
10 which can generate free radicals in the proximity of 
"the DNA or RNA. 

R-I + e" - R ° I" 
R-I~° + Guanine - R-I +■ Guanine ~° . 

While not intending to be bound by a theory, it is 
15 believed that the ejected electron will be captured 
by that site with the most favorable electron 
affinity, which is most likely a second molecule of 
sensitizer elsewhere in the sample. Electron capture 
by R-I (or R-3r) leads to dissociation of RX with the 
2 0 formation of a radical. The radical so generated 

will abstract a C-H hydrogen atom from a sugar moiety 
of a nearby nucleic acid which in turn vill lead to 
DNA or RNA cleavage and viral inactivation. 

The radical cation of the sensitizer (R-X~°) will 

2 5 eventually abstract an electron from that component 

of the sample with the most favorable oxidation 
potential. This is most likely guanine. The 
electron transfer reaction forms guanine radical 
cation. This substance will react with 0 2 upon 

3 0 reconstitution with aerated H 2 0. This process also 

leads to DNA cleavage and viral inactivation. 
Unreacted material and reaction by-products will be 
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re-ovec curing the washing steps involved in "he 
recor.stitution of the lyophilized calls -Table 2). 
T hi s process will also further remove any virus net 
inactivated by the treatment described above. 

Compounds (1) and (2) bind tightly to DMA and RNA by 
either intercalation and/or by electrostatic 
interactions between positively charged anuaoniuia ion 
groups and the negatively charged phosphate groups cf 
the nucleic acid target. Red blood cells do not 
contain nucleic acids and accordingly will not bind 
to such compounds- by intercalation. 



The best node for using the invention is to add the 
sensitizer to potentially contaminated blood 
solutions, and to expose to gamma radiation cr x- 
15 rays. Fluid solutions of blood are preferably 

exposed to 3000 rads, and dried lyophilized solid 
formulations are preferably exposed to 10,000 rads o: 
radiation. It is known that the red cells will 
survive these doses of radiation in the absence of a 
sensitizer. Lyophilized blood can withstand higher 
dosage levels of radiation than hydrated blood. 



The gamma radiation or x-ray will be absorbed 
primarily by the heavy atom of the sensitizer, which 
will be bound to viral DNA or RNA. The radiation 
25 will ionize the sensitizer as follows: 



r-I -t- y-Ray — R-I°° + e" 
(X-Ray) 



in some instances, particularly if the sensitizer and 
red blood cells are allowed to stand together for 
more than several minutes, sensitizers may diffuse 
into the red blood ceils prior to lyochilization. 
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Antioxidants such as glutathione (an excellent 
hydrogen atom doner) _ may be added zo zhe crepara- ' ~- 
to augment the red cell defenses against free radical 
initiated damage. It trill be understood that 
incorporation of the sensitizer into cells will also 
allow inactivation of intracellular viruses, 
especially viruses thought to reside inside white 
blood cells (most packed red. blood cell units contain 
residual white cells), or intracellular blood 
parasites, such as malaria parasite which infects red 
blood cells . 

The sensitizers are removed from the reconstituted 
blood serum or protein fraction by the washing 
protocol described above for lyophilized cells. 

It is preferr ed that gamma or X-ray radiolysis take 
place in a dried lyophilized blood (or protein) , 
virus, and sensitizer formulation rather than in a 
wet, fluid material for several reasons. Firstly, 
the dry material is less sensitive to radiation and 
can be exposed to larger doses of y-rays or other 
penetrating radiation without damage to red blood 
cells (Table 1) . This increases the extent of 
radiolysis of the sensitizer. Secondly, sensitizer 
radicals bound to DNA or RNA in the dry state can not 
dissociate from the virus due to the lack of 
diffusion in the solid material. This will force the 
sensitizer radical to react with viral RNA or DNA. 
Thirdly, the solid state conditions will enhance 
hydrogen atom transfer reactions of the sensitizer 
radical with the viral nucleic acid, perhaps by 
quantum mechanical tunneling. Fourthly, the 
reconstitution and washing protocol used with 
lyophilized blood or protein fraction serves as a 



WO 91/16060 



-21- 



PCI7US9 1/02504 



nisar.5 to remove unreacted material cr reaction 
by-products, and "further removes any virus net 
affected by the treatment (Table 2) . 

Other types of radiation may be used including 
5 ionizing radiation in general, such as X-ray 

radiation. In one embodiment a metal atom may be a 
substituent on a chemical radiation sensitizer 
molecule which binds to nucleic acids, thereby 
targeting the embodiments such as bacteria, parasites 

10 and viruses. Metal atom substituents of chemical 
sensitizers for this purpose include 3r, I, Zn, el, 
Ca and F . The X-ray source_is preferably a tunable 
source, so that the radiation may be confined to a 
narrow wavelength and energy band, if so desired. 

15 The tunable feature allows for optimization of energy 
absorption by the metal atoms, thereby directing the 
absorbed penetrating radiation energy to the 
production of radicals by a chemical sensitizer bound 
to nucleic acid. 
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The present invention is applicable to contaminants 
which comprise single or double-stranded nucleic acid 
chains, including SNA and DNA, and viruses, bacteria 
or other parasites comprising RNA and/or DNA. 

To illustrate the invention, red blood cells were 
lyoohilized as described above, irradiated, and 
tested for erythrocyte characteristics measured. The. 
results are shown in Table 1. The same procedure was 
then used, except that the bacteriophage T4 (in 
dextrose saline) was mixed with the cells and then 
washed successively with four different wash buffers. 
The results are shown in Table 2. 
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Tabie l: l-fiuen.ee of irradiation on ivoohiiize- 
reconstituted red blood cells. Doses as hizh as 
20,000-50,000 rads do not affect cells in *the drv 
stata according to the parameters assayed after 
reconstituzion and listed below. 



gyncsurg of Lvoohilized Cells to Gamma ~rrad i a r < 

* Percentage of Control 
Dosage Level 20.000 rads 50,000 rads 

Hb Recovery 100 99 

10 oxy Hb No Change from No Chanoe from 

starting value starting value 

Cell Indices . 

MCV 99 S8 . 

MCH 1-00 100 

MCHC 100 100 

15 Metabolisia 

ATP 79-79 
(Mmol/g Hb) 

Lactate 8 6 79 

(Mmol/g 

2 0 Hb/Hr) 

* Control cells were non-irradiated, lyophilized 
reconstituted cells. 
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Tabie 2: Reduction in viral titre as a function 
washing cf the red ceils. The procedure used :r. 
•reconstituting the iyophilized ceils involves several 



washing steps vh 



ch also reduce the viral titre. 



extent of reduction with each wash decreases unti. a 
practical limit is attained. This represents an 
approximate 4 log reduction in viral litre. 

Washing Protocol deduction of Viral Load in 31occ 

Total Amount 

Buffer Wash Step of Virus Loc Reduction 

10 Experiment 1 

( non-lyophilized 
cells) 





Reconstitution 


7.3 


OX 


10 7 


0 




Wash 


4 . 8<D- 


X 


10 4 


3 . 2 


15 


Diluent 


2.08 


X 


10 4 


•3 . 5 




Transfusion 


3 .50 


X 


10 4 


3 . 3 




Experiment 2 
(lyophilized 
cells) 










20 " 


Lyophilization 


3 .68 


X 


108 


0 




Reconstitution 


2.11 


X 


107 


1.2" 




Wash 


2.38 


X 


104 


4 . 2 




Diluent 


2.00 


X 


104 


4 . 3 




Transfusion 


4.06 


X 


104 


4 . 0 



25 In Experiment 1, the effects of lyophilization on 
viral* -eduction are not included. In Experiment 2, 
these effects are included. The marker virus used in 
these cases was bacteriophage T4 . The extent of 
reduction was determined using the plaque assay. 

3 0 "This shows an additional about 1 log reduction of 
contamination due to the drying , step. 
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Packed human red blood cells purified from donated 
vhole blocd are washed free of the anticoagulant 
storage solution (commercially available C?DA, 
5 containing citrate/phosphate/dextrose/adenine) , and 
suspended in dextrose-saline at a 10% hematocrit. 
Approximately 10 ml of washed packed red cells is 
placed in a quartz chamber and exposed to U.V. light, 
preferably at 320 nm, for 2 minute time intervals, up 
10 to a 10 minute total exposure. At each 2 minute 

interval the suspension is mixed and a small sample 
of red cells (10 microliters) is removed and diluted 
into 2 ml of water for spectrophotometry assay of 
hemoglobin. At each step the temperature of the 
15 irradiated red cell suspension is measured, to. ensure 
that the suspension did not overheat. At no ooint 
did the suspension exceed 2 6 degrees C (normal bocv 
temperature is 37 degrees C) . Untreated red cells 
contain a high proportion of functional oxyhemoglobin 
20 (oxyKb) , usually in the range of 96% or higher. 

Oxidation damage can form a semi-stable methemoglobin 
species (metHb) , which can normally be reduced back 
to oxyhemoglobin by a cellular repair enzyme. 
Hemichrome represents a more severely damaged form, 

2 5 and can be irreversible. Normal red ceils can 

tolerate a moderate level of methemoglobin. 
Hemichrome degradation can produce free heme, the 
iron-porphyrin component of native hemoglobin, which 
is damaging to cell membranes. Thus it is desirable 

3 0 to minimize hemichrome levels. Each hemoglobin 

species can be detected at a specific wavelength, 
using a standard spectrophotometer. 

The following data show the sensitivity of the 
hemoglobin to damage by the increased U.V. exposure. 
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\n ensure of 3 air.uces was Dodged to be usable : = r 
viral' inactivation using a radiation sensitizer, 
without inflicting excessive damage to red biocc 
cells. 
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EXPOSURE 
(MinU u2S • 


% 

OXYK3 


% 

METH3 


% 

-TMT 


0 


96. 6 


3.4 


0 


2 


90.2 


7.5 


2.3 


4 


84 . 5 


13.4 


2.1 


6 


76.7 • 


22.5 


0.9 


8 


72.6 


27.4 -• 


0 


10 


" 66.4 


33.6 


0 



A 



yyaMPLE 2 
i nil of bacteriophage lanbda or 

* • nh uxi74 of at least 10EV PFU/ml, is 

15 bacteriophage phi-xi / * , «i 

seoa'ataly added to 4 ml. of dextrose-saline 
. containing 1 m,/ml »« compounds I or II or III. Each 

susoension o£ bacteriophage with a radiation 

sensitizing compound is then exposed to V.v. 
20 radiation of the preferred wavelength (320 n.) « a 

cuartz chamber for the preferred time (3 minutes) . 

cont'd sample of each bacteriophage suspension. 

containing a sensitizer, is not exposed to 
light, serial dilutions are performed to quan^a.e 
25 the level of infectious titer, and aliguots of the 
various bacteriophage samples are then mixe * 
ho sc bacteria and spread on nutrient agar, following 
a normal growth period, the plates are assayed .or 
olaoues. Other bacteriophage suspensions are 
'seoa-at^V irradiated as above, but without addea 

U.V. alone- 
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^oclQ Red"" • ~- 

1 (X=W 3 ) >6.0 



J. X 



x . I 

No compound 2-3 



>6 . c 
>6 . 0 
>S .0 
2-3 



From these data it can be seen that all thre- — s-ed 
compounds significantly increase the sensitivi^v o, 
double-stranded DMA virus (lambda) to U.V. C f Z L ' 
10 preferred exposure. Compound I is also effective 
against a single-stranded DKA virus, P hi-X174. 
Compound I is most preferred, showinc a hig/J.- 
least 6 log reduction) inactivation efficacv aca'ns^ 
both single-strand and double-strand DKA viruses 
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i. A process of reducing viral ar.d/cr bacterial 

contamination in a dried or reconstituted cca?os::isr. 
comprising red biocd cells, platelets, and/or 
5 proteins comprising: 

mixing said composition with a sufficient 
volume of a phosphate-buffered reconstitution 
solution to form a mixture, wherein said 
reconstitution solution has a pK in the range of 

10 about 7.0-7.4 at a temperature in the range of about 
15-50 °C, said reconstitution solution further 
comprising a final concentration of about 0.7% by 
weight' up to the saturation^ concentration of a 
polymer or mixture of polymers having a molecular . 

15 weight in the range of about IX to 3S0K, 

separating said red blood cells, platelets 
and/or proteins from said mixture by centrif ugation 
and washing by at least one wash cycle by 
resuspending said red blood cells, platelets and/or 

20 proteins in a dextrose-polymer wash buffer solution 
at a pK in the range of about 7.0-7.4 and separating 
by centrifugation to produce substantially 
decontaminated red blood cells, platelets and/or 
proteins. 

25 2. A process according to Claim 1 further 

comorising the step of f reeze-drying said 
decontaminated red blood cells, platelets and/or 
oroteins. 



3 . : A process according to Claim 1 or 2 wherein 



30 



said polymers are aaphipataic. 
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4. A process according :c Clair. : cr 2 vr.ereir. 

said pciyr.ers have a molecular weight i- zr.e rar.c^ 
about 2.5K to 500k\ 



5. The process of Claim 1 or 2 wherein 

5 composition further comprises a monosaccharide 
selected from the group consisting of xylose, 
glucose, ribose, mannose and fructose. 

6. The process of Claim 1 or 2 wherein said 
mixture of polymers comprises polyvinylpyrrolidone 

10 and hydrcxyethyl starch. 

7. The process of Claim 5 wherein said -polymer 
comprises polyvinylpyrrolidone. 

8. The process of Claim 7 wherein said 
polyvinylpyrrolidone has an average molecular weight- 

15 of about 10K. 

9 - The process of claim 7 wherein said 

polyvinylpyrrolidone has an average molecular weight 
of about 4 OK. 

10. The process of Claim 7 wherein said 

2 0 polyvinylpyrrolidone has an average molecular weight 
of about 360K. 

11. The process according to Claim 6 wherein said 
hydroxyethyl starch has an average molecular weight 
of about 500K. 



25 



12 . A process according to Claim 1 further 
comprising the- steps of contacting- said composition 
with at least one chemical sensitizer selected from 
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-he group consisting c: compounds vhich cine zo z-Zk 
and/cr SWA and are capable c: selectively generating 
free radicals upon exposure to radiation, and 
exposing said composition to radiation of sufficient 
5 wavelength and intensity for a period of tine 

sufficient to cause said sensitizer to further reduce 
viral and bacterial contamination in said 
composition. 

13. A process according to. Claia 12 wherein said 
10 composition comprises red blood cells. 

14. A process according to Claia 12 wherein said 
composition comprises platelets. 

15. A process according to Claim 12 wherein said 
composition comprises blood plasma proteins. 

15 16. A process according to Claia 12 wherein said 
radiation comprises ganaa radiation. 

17 . A orocess according to Claia 12 wherein said 
contamination comprises single- and/or double- 
stranded-type viruses. 

20 13 X process for reducing viral and/or bacterial 

contaminations in a protein composition comprising . 
the steps of contacting said composition with at 
least one chemical sensitizer selected from the group 
consisting of compounds which .bind to DNA and/or RKA 

25 and are caoable of selectively generating free 

radicals uaon exposure to- radiation, and exposing 
said ccaoosition to radiation of sufficient 
wavelength and intensity for a period of time 
su^c^ent to cause said sensitizer to further reduce 
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in said 



19. A process according to Claim 15 wherein sa- 
composition comprises blood proteins, 

20. A process according to Claim 19 wherein sa ; - 
composition is in a lyophili2ed form. 



21. A process according to Claim 19 wherein said 
composition is a blood protein liquid fraction. 

22. A process according* to Claim 19 wherein said 
10 composition comprises immune globulins. 

23. A process according to Claim 19' wherein said 
composition comprises blood serum albumin.' 

24. A process according to Claim 19 wherein said 
composition comprises a clotting factor. 

1= 25. A process according to Claim 24 wherein said 
clotting factor comprises Factcr VIII. 

26. A process according to Claim 2 4 wherein said 
clotting factor comprises Factor IX. 

27. A process according to Claim 18 wherein said 
2 0 radiation comprises gamma radiation. 



28. a process according to Claim 18 wherein said 
contamination comprises single- and/or double- 
stranded-type viruses 
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29. A substantially virally and bactsriaiiy 
deccr.Zi-:r.acsc lyophilized compos iticr. cc-=r;3:r.: ret 
blood calls, platelets and/or prcteir.s. said 
decontamination resulting from exposure to 

5 electromagnetic radiation of sufficient wavelength 
and intensity to inactivate viral and bacterial 
contamination in said composition. 

30. A substantially viraily and bacterialiy 
decontaminated lyophilized composition comprising red 

10 blood cells, platelets and/or proteins and containing 
inactive viral and/or bacterial contaminants which 
have been deactivated by binding of the viral and/ or 
bacterial DNA or RNA to at least one chemical 
sensitizer capable of selectively generating free 

15 radicals upon exposure to electromagnetic radiation, 

and bv exposing said bound sensitizer to 

electromaanetic radiation cf sufficient wavelength 

and intensity and for a period of time sufficient to 

. . rflnc ;-i 7 «t- «-© deactivate said RNA and/or 
cause saia sensiwize* -u 

20 DNA. 

31. A composition according ro Clai* 29 or 3 0 
comprising platelets. 

32. A composition according to Claim 29 or 30 
comprising red blood ceils. 

25 33 . A composition according to Claim 29 or 30 
comprising blood proteins. 

3 4. " a composition according to Claim 3 3 
comorising a clotting factor. 
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35. A composition accord ir.c ro Cla-- - n 
comprising plasma proteins. 

36. A composition according to Claim' 3 3 
comprising blood protein extracts. 

37. a composition according to Claim 34 
comprising Factor VTII. 

38. A composition according to Claim 34 
comprising Factor IX. 

39. A rehydrated composition formed by 
rehydration of the composition . of claim' 2 9 or 3 0. 

40. a rehydrated and vashed composition formed b\ 
washing the composition according to Claim 39. 

41. A composition according to Claim 3 3 
comprising immune globulins. 

42. A composition according to Claim 3 3 
comprising serum albumin. 

43. A method of reducing viral and/or bacterial 
contamination in dried or reconstituted blood 
cellular matter comprising red blood cells, and/or 
platelets, comprising the step of contracting said 
blood cellular matter with at least one chemical 
sensitizer selected from the group consisting of 
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comccuncs c: the f crzulas : 




(I) 




H HC\ 



CO 



exposing said cellular matter to radiation of 
sufficient wavelength and intensity for a period of 
time sufficient to cause said sensitizer to 
5 substantially reduce viral and bacterial 

contamination in said blood cellular natter. 

44. A method according to claim 43 wherein said 
cellular matter comprises erythrocytes. 

45. A method according to Claim 4 3 wherein said 
10 cellular matter comprises platelets. 

46. A method according to Claim 4 3 wherein said 
radiation comprises ultraviolet radiation. 

47.. a method according to Claim 4 3 wherein said 
contamination comprises single- and/cr double- 
15 stranded-type viruses. 
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sensitizer comprises a compound c: ~h e formula 



' "2 " 



49. A method according to Claim 43 wherein sa'd 
sensitizer comprises a compound of the formula 




5 50. a method according to Claim 43 wherein said 
sensitizer comprises a compound of the formula 



10 




51. A process for reducing viral and/or bacterial 
and/or parasitic contamination in dried or 
reconstituted blood, matter comprising red blood 
cells, plasma proteins and/or platelets, comprising 
the step of contacting said blood matter with at 
least one radiation-sensitizing compound. 



52. a process according to Claim l wherein said 
radiation-sensitizing compound comprises a nucleic 
15 acid-binding compound. 
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53. A crocess accc^-ing -a • - 



sa 
aeon 



id radiation sensitizing cosscur.d cc-prlsas a r.s.a 



A process according to Ciaiia 5 3 wipers in saia 



54. A p 
5 metal atom comprises 3r 



55. A process according to Claim 53 wherein saia 
metal atom comprises I. 

55 . A process according to Claim 53 wherein said 
metal atom comprises Zn. 

LO 57. A process according to Claim 53 wherein said 
metal atom comprises Cl. 

53. A process according to Claim 53 wherein said 
metal atom comprises Ca. 

A o-ocess according to Claim 53 wherein said 
15 metal atom comprises F. 

60 A method according to -Claim 51 wherein said 

compound is sensitized by penetrating, ionizing 
radiation. 



61 A method according to Claim 51 wherein said 

20 compound is sensitized by gamma radiation or X-rays 

62 . a nethod according to Claim 52 wherein said 
radiation-sensitizing compound binds RNA. 

63 . a method according- to Claim 52 wherein said 
radiation-sensitizing compound binds DNA. 
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54. A aechod according to Ciaira 5* 



r.srs:.". sa:; 

contamination cc.-prises RNA- and/or D>;a-cc.--=> 

viruses. 



65. A method according to Claim 51 wherein sa^ 
5 contamination comprises RNA- and/or DNA-containir.c 

bacteria. 

66. A method according to claim 51 wherein said 
contamination comprises RNA- and/or DNA-containing 
parasites. " • • ' 

10 67. a method according to Claim 53 wherein said 
compound is sensitized by tuned, penetrating., 
ionizing radiation from a tunable radiation source 
capable of emitting selected wavelengths, 
frequencies, and/or intensities of radiation. 

15 65. A method according to Claim 67 wherein said 
tuned ionizing radiation comprises gamma -wave length 
radiation. 

69. A method according to Claim 67 wherein said 
tuned ionizing radiation comprises X-ray radiation. 

2 0 70. a method according to Claim 67 wherein said 
tuned ionizing radiation is tuned to select 
particular wavelength, frequency and/ or intensity 
ranges to optimize absorption of the radiation energy 
by said metal atom substituent of said radiation 

2 5 sensitizing compound. 

71. A method according to Claim 51 wherein said 
radiation-sensitizing compound., is coupled to a 
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aca ,. s: viral, bacterial and/cr paras — i= antigens . 

72. a method according to Clair- 71 wherein said 

._. ,„ e iri;ina ccmoaund comprises a ~eca _ 

raci a — — -- 

5 a ~ c r. . 

73. A method according to Claims .71 cr 72 -herein 
said radiation sensitizing compound is ac-ivated by 
penetrating, ionizing radiation. 

74. a method according to Claim 7 3 wherein said 
10 radiation comprises gamma radiation cr X-rays. 

75. a method according to Claim 71 --herein said 
antigens comprise viral surface epitopes or viral 
envelope proteins. 

76 . A method according to Claim 71 wherein said 
15 antigens comprise bacterial surface epitopes. 

77 . A method according to Claim 71 wherein said 
antigens comprise surface epitopes of blood- 
transmitted parasites. 

78. A method according to Claim 12 or 18 wherein 
20 said sensitizer comprises DNA-binding drugs. 



method according to Claim 78 wherein said 
-binding drug comprises a compound of the formula 



79 . A 
DNA 
VI 



H 

NH? 0 / 
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81. A method according to Claim 78 wherein said 
5 DNA-binding drug contains a metal atom substituent. 

32.. A method according to Claim 73 wherein said 
DNA-binding radiation sensitizer is activated by 
ionizing penetrating radiation. 



83. A method according to Claim 82 wherein said 
10 ionizing radiation comprises gamma radiation or X- 
ravs . 



34. A method according to Claim 12 or 18 wherein 
said sensitizer comprises a DNA-binding protein, 
polypeptide, and/or peptide. 

15-85. A method according- to Claim 34 wherein said 
peptide is S2 peptide or BD peptide. 
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36. A method according to Clair. 34 vrareir. sa:: 
DNA-bir.cinc protein, polypeptide, cr peptide contains 
a metal atom substituent. 

37. A method according to Claim 34 wherein said 
5 DNA-binding protein, polypeptide, and/or peptide is 

activated by ionizing penetrating radiation. 

88. A metnod according to Claim 37 wherein said 
ionizing radiation comprises gamma radiation or X- 
rays . 

10 39. A composition comprising cellular blood 

matter or blood proteins in Which viral, ba'crerial, 
or parasitic contaminants have been substantially 
inactivated according to the method of Claim 73. 

90. A composition comprising cellular blood 
15 matter or blood proteins in which viral, bacterial, 
or oarasitic contaminants have been substantially 
inactivated according to the method of Claim 84. 
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FURTHER INFORMATION CONj^UEO f*OM Tm£ SCCONO SHEET 



V-Q OSSCRVATtONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE' 

TImi international searcn reoort ais not Been cstaotnftea m resoect ol cc ftam'cu.mx unoer Article WtJ) Ul lor me tonc—ng reasons: 
1.f""| C(a«m numofM . B«uusc tne? ieUte to luoiccr matter i- not »ffl«nto to oe searcneo oy inn A^monif. nameir: 



7 {~1 Claim numocrs . aecau&e met relate 10 oarti ol tne international aaot'cauon mat oo not comer —in :*e orescnoco reou.re- 

menu to suen an extent mat no mejmnglul international searcn can ct carrieo out »•». soecmcaiiy: 
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I. Cl aias i-n, fl „ thod Qf ^contaminating red blood cells 

by washing, Class 423, subclass £. 

II. Claims l£-£3.78.81-?88 : 



on 

3 2 



fl Mthod of sterilizing a pPOtQin compoc.it i 
with the >sze of a cheeical sensitizer, Cic 
^ 33 . su&cl act £. 

HI. Claim ~ : A coalition d^rii-ec by electrolytic 

radiation. Class -.25. subclass ' 

I y . Claims 2<?-4 £ » 

ft ccsposititn st.rili-ccl bv use or a cheeical 
ssr.sit i zr". Class •: 23 , 3i.-.bc: — : £. 
Clal " 43 (I>J fl «cthod cf iterilirin B blood cell, wit. S 

chesisul =terii:=cr. Zlr.-z \2Z. sub=li= = .L. 

VI. Claim 42 CI): ft oefcnod ef sterilizing blood with » 

chcsiccl V:?r: l—,;-. Class ■:1s. -Mcdc:; 2. 

VII. Clai E ,2 iiH::A c- :tc. i : i:i; , 5 b4 „ tf c „ n _ w£ , : , ft 

cheaicii rrcrilizcr. Clazs 431, subclass £. 

VIII. Claim 42 (IV): ft ccthod of sterilizing blccj ft 

chasicai st c-r i I 1 = sr. Clars 423 u ubc :. - - 

IX. Claic 42 C¥>: ft att hcd cf Verilizing bl 35d cell: with a 

chemical storiiizor, Class 425, subclass £. 
Claims 44-30 will be exaair.ed to the extent 
that they M ad upon the invjntisnj of Groups 
V-IX. 
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X. Claims 51-52: P method of sterilizing blood cells with a 

chemical sterilizer*, Class 435, subclass £. 

XI. Claim 54: A method of sterilizing blood cells with a 

chemical sterilizer. Class 425, subclass £. 

XII. Claim 55: A method of sterilizing blood cells with « 

chemical sterilizer. Class 425. subclass 2. 

XI TT Cla^ra 56: -ft method of sterilizing blood cells with c 

chetnicai sterilizer, Class '':25, subclass 2:. 

XIV. Claim 57: A method of sterilizing blood cells with a 

checicai sterilizer, Class 425, subclass 

XV. Claim 53: A cethoc of st o?r i 1 i z i ng b 1 cod cells with a 

chenizal sterilizer, Class ':25, subclass 2- 

XVI. C i a i m 5*: A oethoo of sterilizing bicod c.-lls with - 

chemical sterilizer. Class 425. subclass 2- 

C;ai.-s £-$-73 will be examined to the &>:tc«vt 
. ti^a" tr.=.v r -i u^::- t h ir.v.-sni i , of Group. 

XVII. Claims 71-74 i 84-SS: 

A method of sterilizing blood cells with c 
chemicai sterilizer attached to an antibody. 
Class 425. subclass 2. 

XVIII. Claim 75: h method of sterilizing blood ceils with a 

checicai sterilizer attached to an antibody. 
Class 3 5 . subclass 2. 
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IXX.Clai. 7&: a „ thod of ste rilizing blood cells with 

cheaical sterilizer attached to an antibody 
Class 435, subclass £. 

XX. Claic 77: Acethodof st er i 1 i - ing bl cod cells with- 

chemical et.rili-.r attached to «„ antibody, 
Class 42S, subclass 2. 

XXI. Claio, 79: p. Be thodof .Ttrilizingbloodc.il. with* 

chemical sterilizer. Cl« s ' + 2S, subclass 

XXII. Clai. aa s fl .ctnod of sterili = i . ag blood ceils Wlth .a 

chemical sterilizer, Class 423 ; subclass 2. 
The claims of these- groups, although all drawn to st er i 1 i = at i or. 

" ath0dS f0r * bl0Cd cooponer.ts a,c therefore, classified i, t.:,., 
similar =i, £c and subcla , c „ vat ... -„ SCQpc ^ choai . c£ . tt _ = turfr 

fro. each other. This necessitates different literature- 

searcher., because the search for one ,-hemical sensitizer vou- 
not -jncoapass the- search for a chacic^l sensitize* ,f 
9 r 0U °- p CT Rul„ 12.1 and 12.2 do not provide for Eulti?l5 
cistinct methods within a general inventive concept. 



